Abstract. Long term population monitoring is essential to ecological studies; however, field procedures may disturb individuals. Assessing this topic is important in worldwide declining taxa such as reptiles. Previous studies focussed on animal welfare issues and examined short-term effects (e.g. increase of stress hormones due to handling). Long-term effects with possible consequences at the population level remain poorly investigated. In the present study, we evaluated the effects of widely used field procedures (e.g. handling, marking, forced regurgitation) both on short-term (hormonal stress response) and on long-term (changes in body condition, survival) scales in two intensively monitored populations of sea kraits (Laticauda spp.) in New Caledonia. Focusing on the most intensively monitored sites, from 2002 to 2012, we gathered approximately 11 200 captures/recaptures on 4500 individuals. Each snake was individually marked (scale clipping + branding) and subjected to various measurements (e.g. body size, head morphology, palpation). In addition, a subsample of more than 500 snakes was forced to regurgitate their prey for dietary analyses. Handling caused a significant stress hormonal response, however we found no detrimental long-term effect on body condition. Forced regurgitation did not cause any significant effect on both body condition one year later and survival. These results suggest that the strong short-term stress provoked by field procedures did not translate into negative effects on the population. Although similar analyses are required to test the validity of our conclusions in other species, our results suggest distinguishing welfare and population issues to evaluate the potential impact of population surveys.
Introduction
The impact of data collection on free ranging animals is an important issue. The use of non-invasive methods should be promoted, and indeed, various techniques have been developed to minimize the negative influence of researches. For instance, observations from distance or collection of faeces are useful methods in field ecology that do not entail disturbance (Taberlet, Waits and Luikart, 1999; Monestiez et al., 2006) . However, non-invasive techniques do not provide a panacea preventing intrusive investigations. In fact, most field research is based on biometric and physiological measurements, bio-logging, or mark-recapture programs; all of which necessitate handling of individuals (sometimes during prolonged periods), and thus most field procedures inevitably inflict a substantial stress to the individuals. In addition, handling and various techniques deprive the subject from energy resources either directly (e.g. blood sampling, forced regurgitation) or indirectly via missed foraging opportunities during restraining and recovery period (e.g. following surgery). Assessing the consequences of manipulation on individuals is necessary for several reasons. First, most species are threatened and any population impact of field research must be carefully evaluated. Second, animal welfare issues are essential for environmental education, public awareness, and to limit possible negative consequences induced by stress (e.g. depletion of immunity). Finally we need to quantify how much the estimations of demographic parameters in wild populations are biased by the stress we induce.
Field ecology of non-avian reptiles (e.g. lizards, snakes, tortoises) heavily depends on manipulations; many species are secretive and captured in their shelters or using trap systems. In most cases, individuals are captured, measured, marked, released, and recaptured repeatedly. Indeed identification from distance is usually impossible and continuous growth requires repeated size-measurements. Further, individuals can be blood sampled (e.g. for DNA or physiological investigations) or fitted with electronic devices. Several studies examining the possible impact of field research provided contrasted outcomes, ranging from an absence of effects (e.g. Lagarde et al., 2008 for radio-tracking; Keck, 1994 for PIT tags in snakes) to significant effects (e.g. McCarthy and Parris, 2004 for toe-clipping) . The discrepancies between these conclusions likely reflect the use of various animal species (hence wide range of sensitiveness) combined with various and not easily comparable techniques. Importantly, previous studies focussed on short-term issues (e.g. locomotor performances, individual welfare, stress) while long-term effects at the population scale remain poorly explored. Consequently, there is a need for a better assessment of these questions. For instance, the impact of one of the most widely used field techniques, forced regurgitation, has not been investigated yet.
The concerns about potential impact of forced regurgitation apply with force on snakes. Most species feed infrequently on large prey that are swallowed whole (Carpenter, 1952) . Forced regurgitation likely entails a massive energy loss (i.e. loss of a large prey and digestive fluids, wasted specific dynamic action; Secor and Diamond, 1997) associated with a major perturbation of the day-to-day life of the subject. Indeed, a snake deprived from its prey can be constrained to undertake a compensatory foraging activity followed by an extended digestion episode, all of which may affect survival (e.g., increased predation risks). Thus, a long lasting decrease in body condition and/or survival could result from the stressful loss of a meal provoked by the researchers. Although forced regurgitation represents a considerable source of stress it may not necessarily induce negative impact over long term. Snakes are particularly tolerant to both fasting and manipulation; they may well withstand short-term perturbation without long-term consequences.
Since 2002, we conducted intensive field studies on two species of amphibious sea kraits (Laticauda saingironsi and Laticauda laticaudata, Bonnet, 2012) . Our research involved forced regurgitation on a very large number of individuals (N > 2000) whereas most individuals (N > 22 500 captures, including snakes with a prey in the stomach) were spared. The analyses of long-term recapture data on the two most intensively monitored populations (nearly 4500 individually marked snakes) provided a powerful opportunity to assess the effect of a regurgitation event on body condition and survival. We also examined the influence of the most commonly used field technique on free ranging snakes: the effect of capture and marking. Marked snakes need a short period of healing (i.e. scale clipping, branding or PIT tags injection provoke superficial skin damages); handling also entails a significant stress revealed by increased corticosterone levels (Langkilde and Shine, 2006) . Having yielded 10 years of data, we addressed the effect of the first capture event and marking on body condition one year after the initial capture. We predicted that body condition index and survival should remain constant if the snakes tolerated our field procedures (i.e. marking, regurgitation) but should decrease if we inflicted detrimental effects.
Although classified as "least concern" on IUCN red list (2010), sea kraits show dramatic population declines in many parts of their distribution range, like many other snake species (including other sea snakes) and reptiles (Gibbons et al., 2000; Reading et al., 2010; Rasmussen, 2011; Anonymous, 2012) . Since the field methods we employed on amphibious sea kraits reproduce the typical protocol used elsewhere to monitor reptiles, assessing the impact of some of the potentially more stressful techniques is timely.
Materials and methods

Study species and field methods
Sea kraits are amphibious marine snakes widespread in the Eastern Indian and the Western Pacific coral reefs (Heatwole, 1999) . Two species occur in great densities in New Caledonia, the yellow (or common) sea krait (L. saintgironsi) and the blue sea krait (L. laticaudata) (SaintGirons, 1964; . They forage at sea on a community of over 50 species of cryptic anguilliform fish, and consequently they are considered as useful bio-indicators (Ineich et al., 2007; Brischoux and Bonnet, 2008; Brischoux, Bonnet and Legagneux, 2009 ). On land, sea kraits are faithful to their site, usually a small coralline islet (Brischoux, Bonnet and Pinaud, 2009) .
Most sea kraits were caught by hand when resting on land (e.g. basking in the sun, beneath rocks, logs or roots), or when commuting between the land and the sea. The snakes were kept in calico bags until processed and released 1 to 24 hours later. They were measured (e.g. body size, body mass, head morphology), their colour pattern was described in details (e.g., number of black bands), feeding and reproductive status was assessed and the presence of injuries, scares, and ecto-parasites were also recorded. The snakes were marked by scale clipping coupled with iron branding in order to induce permanent changes in scale colouration ). Apparently, these procedures did not harm the snakes as individuals recaptured within 1-7 days displayed superficial lesions (very light scabs); although in some cases the marks facilitated tick parasitism (Bonnet, 2012) . Overall, during 2002-2012, 12 900 individuals have been permanently marked by scale clipping and iron branding (Bonnet, 2012) ; in addition, more than 2000 snakes have been forced to regurgitate their meal for dietary analyses.
The abdomen of each snake was palpated to check for the presence of prey. Some snakes were forced to regurgitate by gentle pressure applied to the rear of the stomach. Sea kraits feed essentially on non-spiny scaleless fish (conger and moray eels) that are easily pushed out of the digestive tract. However, emaciated individuals and reproductive females were systematically spared from forced regurgitation; and no individual was forced to regurgitate more than once.
Although we studied sea-kraits in more than 30 sites spread out in the lagoon of New Caledonia (see fig. 1 in Bonnet, 2012) , the current study focuses on the two populations of Signal islet (22°17 45S, 166°17 34E) which attracted most of our long-term field effort. Since 2002, over 27 different field sessions, 2407 blue sea kraits and 1985 yellow sea kraits have been individually marked; forced regurgitation was performed on 237 (Ls) and 293 (Ll) snakes respectively.
Short term effects of manipulation
Basal and stress-induced corticosterone plasma levels were assayed on blood samples (100-500 μl) collected via intracardiac punctures using 30G-needles (Bonnet et al., 2001 ). The blood was immediately centrifuged (3 min × 10 000g) and the plasma stored at −25°C. We followed a standardized capture/handling protocol (Wingfield, 1994) . We sampled snakes at three different time intervals: shortly after handing (<10 min after capture in the field) for basal level, and then 30-45 min, and 60-70 min later in order to obtain the stress response (the snakes were held in calico bags). We used radioimmunoassay (RIA) to determine corticosterone plasma concentrations (performed at the CEBC). The mean extraction rate of the steroids from the plasma was of 97.3 ± 5.2%; intra-and inter-assays coefficients of variation remained lower than 4%; the sensivity of the assay was of 1.9 pg/tube. Cross-reactions with other steroids were as follow: androstenedione (<0.1%), compound S (7%), cortisol (0.1%), 11-deoxy-corticosterone (0.1%), progesterone (7%), testosterone (<0.1%).
Both species were pooled for the analysis, sample sizes for the three time intervals were respectively 17 (6 L.l., 11 L.s.), 6 (all L.s.) and 5 (all L.s.) individuals.
Long term effect of marking and regurgitation on body condition
The body condition index was calculated as the residual of the linear regression of log body mass against log snout vent length (SVL) on all adults collected on Signal islet. Among each sex, the values of BCI were divided by their standard deviation in order to standardize the values between the sexes. We excluded individuals with prey in the stomach as well as reproductive females (i.e., with vitellogenic follicles or oviductal eggs) from our calculations.
We examined the impact of marking (capture + measurements + marking) by selecting individuals recaptured approximately one year later (365 ± 60 days). We then compared the variation of body condition between the initial capture and one year later using paired sample t-tests. The same procedure was used to examine long-term variations in body condition following forced regurgitation. A decrease in body condition over this period should reveal a detrimental effect; on the contrary, a lack of variation suggests an absence of long-term impact. The selected time-period elapsed between capture and recapture (∼1 year) enabled us to control for spurious seasonal effects. For instance, during austral spring (mating period) males and females reduce or cease feeding (Brischoux, Bonnet and Shine, 2011) ; additionally, egg laying induces a considerable mass loss. Capturing, marking a snake in spring and assessing possible change in body condition few months later only (e.g. <2 months) would lead to the deceptive result that field procedure provoked a negative impact. Conversely, following the reproductive season, feeding rate and body condition increase.
Long term effect of regurgitation on survival
We used a multistate extension of the Cormack Jolly Seber model with two states (two age classes: immature and mature) and two groups (males and females). The best fitting model for survival in sea kraits was (sex × age class + transience), p (time + sex × age class), (sex + age class) for L. laticaudata and (sex × age class + transience), p (time + sex + age class), (sex + age class) for L. saintgironsi (Fauvel et al., unpublished) . To test the effect of regurgitation on survival, these models were compared by their Akaike Information Criterion (AIC, Akaike, 1974) to the models including an effect of "regurgitation" as an individual covariate ("1" if the animal has been forced to regurgitate versus "0" if not).
Results
Stress response
Handling (capture + measurements) provoked a strong elevation of corticosterone plasma levels ( fig. 1 ). We obtained a typical stress response with low basal levels (<10 min), high values 30-45 min later and a slow decrease more than 60 min later.
Effect of marking and regurgitation on body condition
In L. saingironsi, we found no effect of marking on body condition one year later (N = 101 snakes; paired t-test, t 198.55 = 1.026, P = 0.31) ( fig. 2) . Surprisingly, in L. laticaudata we found a positive effect (N = 303 snakes, paired t-test, Figure 1 . Mean values (±SD) of corticosterone plasma concentration obtained in sea kraits sampled in the field. The snakes were blood sampled shortly after capture (0-10 min), or later (30-45 min, 60-70 min). The stress-induced increase of corticosterone plasma concentration (0-10 versus 30-45 min) was significant (W = 1, P < 0.001). The decrease observed more than hour later (60-70 min) was not significant (W = 25, P = 0.08; perhaps due to the small sample size), and the mean value remained significantly higher compared to the basal level (W = 14, P = 0.03).
t 601.75 = −3.93, P < 0.05). We found no effect of regurgitation on body condition one year later in both L. saintgironsi (N = 15, paired t-test, t 26.07 = 0.85, P = 0.40) and L. laticaudata (N = 17, paired t-test, t 31.38 = 0.15, P = 0.89). We note however that sample sizes were modest for some of the tests above.
Effect of regurgitation on survival
Models accounting for an effect of regurgitation on survival had consistently lower AIC value than the default models (table 1). We therefore conclude that in both species, regurgitating did not significantly affect survival.
Discussion
Our long-term study enabled us to accumulate a considerable data set (>22 000 observations over 10 years). On one hand, this research yielded substantial results regarding sea snake foraging ecology Brischoux, Bonnet and Shine, 2009) , physiology (Brischoux et al., 2012) , prey community (Ineich et al., 2007; Brischoux and Bonnet, 2008) , conservation issues Brischoux, Bonnet and Pinaud, 2009; Bonnet, 2012) , and others ). On the other hand, we inevitably perturbed a very large number of individuals with a potential impact on the populations. Apparently, the short-term stress due to handling and/or forced regurgitation did not entail a negative population effect.
Our relatively large sample sizes, the use of two species, and the long-term monitoring provided appropriate statistical power to examine the impact of marking and forced regurgitation. The main indexes we retained in the analyses, body condition and survival, are key parameters with a strong fitness value. For instance, individuals in low body condition exhibit low survival and low reproductive rates (Bonnet et al., 2002a) . By comparison, short-term indexes (e.g. increase of stress hormone levels) offer limited information for population monitoring. Indeed, on both sea krait species, our analyses revealed an absence of long-term impact of field techniques on individuals (i.e. no change in body condition) and populations (i.e. no change in survival rates) despite a strong short-term stress effect of handling. The transitory stress inflicted to the snakes during marking (raise of corticosterone, fig. 1 ) associated to the superficial skin lesions were thus well tolerated by the snakes on the long run. Ectoparasites (ticks) are occasionally observed attached with the lesion caused by marking but they are eliminated during subsequent skin shedding and/or foraging trips at sea. By comparison, sea kraits regularly display deep wounds (inflicted by retaliating prey, Bonnet, Brischoux and Lang, 2010) which are massively colonized by ticks (Bonnet, 2012) . Over time, sea kraits accumulate injuries and as a result, the larger (i.e. older) sea kraits monitored in New Caledonia generally wear more and larger natural scars (e.g., fish bites) than artificial scars (marks). Importantly, climatic conditions are mild all year round in New Caledonia so that cicatrisation is never prevented by low temperatures. Consequently, we emphasize that our conclusions cannot be generalized to all reptile species. For instance scale clipping or branding might entail local infection if performed on reptiles during prolonged periods with low ambient temperatures (e.g. early spring or late fall in temperate climates, XB pers. obs.).
The increase in body condition observed in the blue sea kraits one year after making was unexpected. Blue sea kraits are extremely philopatric, therefore most individuals captured (and marked) for the first time might be new (hence inexperienced) recruits whose body condition would later increase with improved local familiarity. In support of this assumption, newly captured snakes were on average smaller (presumably younger) than marked individuals (mean SVL, M = 79.6 cm in new males versus M = 86.0 cm in marked males; M = 81.1 cm in new females versus M = 100.9 cm in marked females; P < 0.01 in all comparisons). Future analyses are required to assess this issue more precisely.
Regurgitation is a natural behaviour in snakes, however spontaneous or forced regurgitation could be detrimental as sea kraits invest considerable amount of time and energy capturing prey, and they also must engage in risky combats to subdue their prey (Bonnet, Brischoux and Lang, 2010) . Unfortunately, on one occasion the sharp teeth of the prey pushed forward in the digestive gut and provoked a fatal haemorrhage ; note that we observed a single accident on more than 2000 forced regurgitations). Our results nonetheless suggest that losing one meal has no long-term impact on body condition and survival. Trophic resources are likely to be abundant in the New Caledonian lagoon , and favourable climatic conditions enable sea kraits to feed all year round at a relatively high frequency, once every two weeks on average . Depriving a snake form one meal was likely rapidly compensated without detectable effect on survival or body condition one year later. Although not tested yet, similar moderate population impact (if any) of forced regurgitation should apply in tropical snakes that feed frequently such as Causus spp. (Ineich et al., 2006) , Emydocephalus annulatus (Shine et al., 2004) , or Tropidonophis mairii (Brown and Shine, 2002) . However, we stress that in other snake species that feed on relative large prey and where foraging opportunities are limited to a few foraging events per year (e.g. low frequent feeders such as pythons, vipers from temperate climates) forced regurgitation might entail detrimental effects.
The absence of negative impact on the two sea krait populations (e.g. populations of Signal islet are still prosperous despite ten year of intensive field research) mirrors the stability recorded in other systems that have been monitored using similar techniques (e.g. tiger snakes in Australia, Bonnet et al., 2002b) . More generally, population declines of snakes have been observed in degraded habitats whereas stability was recorded in well-protected areas (Reading et al., 2010) . It should be noted however, that population collapses also occurred in some well-protected areas for unknown reasons (Reading et al., 2010) . Overall, many species of reptile are tolerant to stressful procedures (handling, iron branding, toe clipping) and long term population monitoring are unlikely to rep-resent a major threat -at least compared to other perturbations such as habitat loss or direct killing. Researchers are devoted to their study systems and tend to minimize their impact on wild populations; however, even classical and widely used field procedures can be detrimental (Gauthier-Clerc et al., 2004) . Further studies are thus required, notably to test the notion proposed above that foraging strategies (e.g. relative prey size, feeding frequency) and climatic constraints are key factors in determining the impact of field research on snake populations. Such assessment might contribute to the improvement of field procedures (e.g. counterintuitively, pit tags are more stressful compared to toe clipping in some lizards; Langkilde and Shine, 2006) and thus might be useful to encourage field research. In fact, long-term monitoring can have beneficial outcomes for the study species. For instance, our research on sea kraits improved local knowledge (e.g. strong media coverage) and promoted the conservation status of the species and of their terrestrial habitat (i.e. beach rocks on Signal islet, ). However, evaluating the balance between the benefits and costs of scientific studies on populations needs rigorous assessments.
Herpetologists have tested their impact on the welfare of their study animals by measuring handling stress (Langkilde and Shine, 2006 ; see also our results). Our study adds another dimension by addressing the effect of field research at the population scale. As our results show that a significant short-term stress does not translate into detrimental population consequences, we advocate that more attention should be devoted on the impact of long-term monitoring and stressful field procedures. It is indeed essential to minimize the stress induced by field procedures (welfare issue), but it is vital to control for possible impact on the populations (conservation issue). For instance, field management, translocations, or reintroduction programs may provoke stressful short-term effects on individuals that may nonetheless generate population benefits. Assessments are thus required to provide robust analyses to ethic committees in order to better prioritize and organize field studies.
